Standard of care for patients with symptomatic, advanced-stage follicular lymphoma (FL) is rituximab-containing chemoimmunotherapy followed by rituximab maintenance. This prospective, multicenter, noninterventional study analyzed how efficacy and safety data from randomized controlled trials translate into clinical practice in Germany. Both treatment-naïve and relapsed/refractory patients with FL, who responded to rituximab-containing induction and were scheduled for 
| DÜHRSEN Et al.
| INTRODUCTION
Follicular lymphoma (FL) is the second most common type of non-Hodgkin's lymphoma, increasing in incidence especially in Western countries. 1, 2 Based on the proportion of centrocytes and centroblasts, the World Health Organization (WHO) classification distinguishes FL grades 1, 2, 3A, and 3B. 3, 4 Whereas FL grades 1, 2, and 3A are indolent, grade 3B is generally considered as an aggressive lymphoma and treated with curative intent according to the recommendations for diffuse large B-cell lymphoma. 4, 5 Approximately 89% of patients with indolent FL are diagnosed in Ann-Arbor stages III or IV, which are not curable with conventional therapy. 6 The advent of the anti-CD20 antibody rituximab significantly improved the treatment options for FL. For remission induction, rituximab is most frequently combined with chemotherapy, such as CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone), 7 bendamustine, 8 or CVP (cyclophosphamide, vincristine, prednisone). 9 Maintenance therapy with rituximab is frequently followed by a prolonged remission period, both after firstline [10] [11] [12] and after salvage induction therapy. 13, 14 In the largest randomized controlled trial in treatment-naïve patients with FL, the phase 3 Primary Rituximab and Maintenance (PRIMA) study, 2 years of rituximab maintenance following rituximab-containing chemotherapy (CVP, CHOP, or FCM [fludarabine, cyclophosphamide, mitoxantrone]) was assessed in 1217 patients. Maintenance therapy achieved complete remission (CR) in 72% of the patients compared with 52.2% in the observation arm (P = .0001), 12 and 6-year progression-free survival (PFS) rates were 59.2% vs 42.7% (P < .0001; hazard ratio [HR] 0.58); however, 6-year overall survival (OS) estimates were similar. 15 The largest phase 3 trial in relapsed/refractory FL was conducted by the European Organisation for Research and Treatment of Cancer (EORTC 20981) and investigated rituximab in remission induction and maintenance treatment of 465 patients. 13, 16 Patients responding to induction with either CHOP or R-CHOP (rituximab plus CHOP) were randomly assigned to rituximab maintenance or observation. Maintenance therapy significantly prolonged PFS compared with observation (median PFS, 3.7 years vs 1.3 years; P < .001; HR 0.55), following either CHOP or R-CHOP. While there was no statistically significant difference in OS in this trial, 13 a recent meta-analysis came to the conclusion that rituximab maintenance does improve OS of relapsed/refractory patients with FL. 17 Rituximab plus chemotherapy followed by rituximab maintenance has thus been established as a widely accepted standard of care for patients with symptomatic, advancedstage FL. 5, 18 To assess whether the results from randomized controlled studies translate into clinical practice, the present noninterventional study investigated the effectiveness, safety, and treatment patterns of rituximab maintenance for 24 months after rituximab-containing induction therapy in patients with FL under routine conditions.
| MATERIALS AND METHODS
This prospective, noninterventional study (ClinicalTrials. gov Identifier: NCT02536664) was conducted between August 2009 and June 2014 at 138 centers in Germany, including hospitals, outpatient clinics, and office-based practices. This study was conducted in accordance with Good Pharmacoepidemiological Practice (GPP). The study protocol was approved by the Medical Faculty ethics committee at the University of Duisburg-Essen. Patients were required to provide written informed consent.
Adult patients with previously untreated (cohort 1), or relapsed or refractory CD20-positive FL (cohort 2), who achieved CR or partial remission (PR) following rituximabcontaining induction therapy and were scheduled to receive rituximab maintenance therapy, were eligible for the study.
Individual treatment schedules, dose and frequency of administration of intravenous rituximab (MabThera ® , Roche, Basel, Switzerland), diagnostic and therapeutic interventions, frequency of visits, and other treatment decisions were made by the physician prior to and independent of enrollment. Data were documented at prespecified time points during the planned observation time of 24 months. Adverse drug reactions (ADRs) could be collected separately at any time during the documentation period and up to 90 days after treatment end. Due to the implementation of a new European Union safety directive, collection of ADRs was switched to adverse event (AE) documentation starting from March 2013. AEs documented only in the Roche safety database prior to implementation of the directive were added to the clinical database after SAE reconciliation and prior to database lock.
Due to inconsistencies/incomplete data regarding previous therapy line and tumor assessments, retrospective data cleaning was conducted between June and December 2016. Changes from CR to PR after induction in 5 patients (3 firstline, 2 relapsed/refractory) as well as changes in the tumor status after maintenance in 34 patients (25 first-line, 9 relapsed/refractory) impacted the endpoint analysis for PFS and tumor status.
The primary objective was to investigate the therapeutic effectiveness of rituximab maintenance therapy in FL, measured by 2-year PFS rates in cohorts 1 and 2. Secondary objectives included the estimation of 2-year OS rates and tumor status at study end. In addition, rituximab-based treatment schedules in routine clinical practice were recorded and the safety profile of rituximab maintenance therapy described.
Response to therapy was assessed without any prespecified criteria in terms of diagnostic methodology or response assessment time points.
Safety was assessed by ADR/AE analysis as reported by the physicians according to the Medical Dictionary for Regulatory Activities (MedDRA, version 17.0) system organ classes and preferred terms.
| Statistical analysis
The study was designed to demonstrate an estimated 2-year PFS rate of 75% with a precision of ±4.2%, based on an intended total sample size of 500 patients and a share of 20% of censored observations (ie, premature termination without progression). With an intended sample size of 300 treatmentnaïve patients and 200 relapsed/refractory patients, the assumed 2-year PFS rates were 80% ±5.1% and 70% ± 7.1%, respectively.
All parameters were evaluated in an explorative or descriptive manner. Continuous characteristics are presented by number of observations, mean, standard deviation, minimum, median and maximum, and categorical characteristics with absolute and relative frequencies.
Progression-free survival (defined as time from first rituximab maintenance administration to first occurrence of progression or death from any cause) and OS (defined as time from first rituximab maintenance administration until death) were assessed by means of Kaplan-Meier methodology. The Kaplan-Meier estimates for PFS and OS rates at 2 years are presented with 95% confidence intervals (CIs; using Greenwood's standard error estimate). Subgroup analyses were performed using the same statistical methods. Response and conversion rates associated with rituximab maintenance (from start to end of maintenance therapy) were calculated in a subset of patients who experienced tumor progression within 24 months after first infusion of rituximab, completed maintenance therapy, or had a final tumor assessment 20-28 months after the onset of maintenance.
| RESULTS

| Patients
As shown in Figure 1 , 490 of 505 patients enrolled initially received at least one infusion of rituximab maintenance therapy. Fifteen patients were excluded due to insufficient documentation and regarded as screening failures. The study population comprised 312 previously untreated patients and 177 patients with relapsed/refractory disease (safety set); for one patient, no therapy line was reported. Two patients were excluded from the first-line safety set and 4 patients from the relapsed/refractory safety set due to unconfirmed data, leaving 310 and 173 patients, respectively, in each effectiveness set. Five patients of the first-line effectiveness set and one patient of the relapsed/refractory effectiveness set were excluded from the effectiveness analyses, as these patients did not have at least one tumor assessment after the first dose of rituximab. Baseline patient characteristics of the effectiveness set (overall population, patients with initial Ann-Arbor stages I/II and patients with FL grade 3B) are provided in Table 1 . Median follow-up time was 21.9 months.
| Previous and current induction therapies
Relapsed/refractory patients had received up to 6 previous treatments; most (79.2%) were currently treated with secondline therapy. Median duration of the last previous therapy was 4.4 months (range: 0.0-51.7), and median time between end of previous therapy and start of current induction was 35.1 months (range: 0.0-238.2). Previous therapy resulted in CR and PR in 46.2% and 41.6% of patients, respectively. The median duration of current induction therapy was 4.9 months, with a median of 6 chemoimmunotherapy cycles. At the end of the current induction, 46.8% of the first-line patients and 41.6% of relapsed/refractory patients achieved CR (PR: 53.2% and 58.4%, respectively) ( Table 1) .
To compare previous and current first-line induction therapies, the previous rituximab-containing induction therapies of second-line patients were analyzed (while all 310 current first-line patients received a rituximab-containing induction, this applied to only 100 of 137 previous first-line regimes). Figure 2 reveals a shift over time from R-CHOP to R-bendamustine as the most frequent first-line chemoimmunotherapy and a decrease in radiotherapy: R-bendamustine increased from 21.0% in previous induction to 60.3% in current induction, while R-CHOP declined from 52.0% to 29.7%. The use of radiotherapy, alone or in combination with chemoimmunotherapy, declined from 18.0% to 4.8%. Rituximab monotherapy was administered to ≤4% of the patients both in previous and current first-line therapy and to 12.7% (of 173 patients) in current therapy after relapse/ refractory disease.
Of the 189 patients who received current first-line Rbendamustine (of 305 patients evaluable for effectiveness), 62.4% were female, while only 39.8% of the 98 patients treated with first-line R-CHOP were female. In the first-line R-bendamustine subgroup, the proportion of patients with stage III/IV at baseline was 77.2% and 1.1% had FL grade 3B, compared with 84.7% and 9.2%, respectively, in the firstline R-CHOP group.
| Characteristics of rituximab maintenance therapy
The median number of rituximab cycles during maintenance therapy was 12 cycles in first-line patients (range: 4-16), with a median duration of 20.8 months. For relapsed/refractory patients, a median of 8 cycles (range: 2-16) was administered (19.5 months median duration). The median cycle interval was 2.0 months for first-line patients and 2.9 months for relapsed/refractory patients with a median dose of 375 mg/ m 2 in both cohorts. The median infusion time was 3.0 hours in first-line patients and 3.5 hours in relapsed/refractory patients. Figure S1 ). Figure 4 shows the remission conversion rates from end of induction to end of maintenance in patients with progressive disease ≤24 months after start of maintenance, completed maintenance, or maintenance not completed and last tumor assessment 20-28 months after start of maintenance (firstline, n = 222; relapsed/refractory, n = 126). In first-line therapy, the CR rate increased from 46.8% (95% CI: 40.3-53.4) after induction to 69.4% (95% CI: 63.3-75.4) at the end of maintenance, with 53.4% (95% CI: 44.4-62.4) of the patients with PR at the end of induction having converted to CR; the responder rate at the end of maintenance (patients with CR after postinduction CR/PR, and patients who maintained PR) was 87.8% (95% CI: 83.5-92.1). Among the patients treated after relapsed or refractory FL, the proportion with CR increased from 38.9% (95% CI: 30.4-47.4) postinduction to 57.9% (95% CI: 49.3-66.6) postmaintenance; CR was achieved in 42.9% (95% CI: 31.8-53.9) of the patients with PR after induction, and the responder rate was 73.0% (95% CI: 65.3-80.8).
| Effectiveness
| Safety
The switch from ADR to AE documentation limited the AE analysis. Observed AE incidence might have been higher had all AEs been reported from study initiation. AEs and serious AEs (SAEs) were reported in 26.9% and 11.2% of the patients in the first-line cohort and in 39.0% and 22.0% of the relapsed/refractory cohort. Overall, in 13.5% of the patients ADRs assessed as related to rituximab were observed, with 5.3% serious ADRs (SADRs). The most frequent SAEs and SADRs were leukopenia (reported as SAE in 2.7% of the patients and as SADR in 1.6%), pneumonia (2.0% and 1.6%, respectively), and dyspnea (1.4% and 1.0%, respectively). Table 3 lists all AEs observed in ≥2.0% of the patients during maintenance therapy. The R-bendamustine subgroup
F I G U R E 2
Comparison between previous and current first-line rituximab-containing induction therapies. Previous first-line therapy is shown for relapsed/refractory patients who received the current second-line treatment following previous rituximab-containing firstline induction therapy (n = 100). Current first-line induction therapy is shown for the cohort of first-line patients (n = 310). Other regimens included R-CVP and R-bendamustine + R-CHOP. *R-radiotherapy only in 0.6% of current first-line patients. CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; CVP, cyclophosphamide, vincristine, prednisone; R, rituximab. 
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Kaplan-Meier analysis of progression-free survival of patients receiving maintenance therapy after first-line induction (n = 305) and after induction for relapsed/refractory disease (n = 172).
had higher AE incidence than the R-CHOP subgroup (33.9% vs 20.0%; SAEs leading to death 3.9% vs 3.3%).
The most commonly reported AEs in patients who received R-bendamustine were leukopenia (10.0%), bacterial infection (6.5%), and neoplasms (5.2%); in patients treated with R-CHOP, dyspnea was the most common AE (4.2%), followed by leukopenia, neoplasms, and pyrexia (each 3.3%). Notably, infections and infestations occurred in 14.2% of patients in the R-bendamustine subgroup and in 5.0% of patients in the R-CHOP subgroup. In total, 16 patients (3.3% of the overall population) died during the study. For 6 of these patients, multiple reasons were provided as cause of death, without specifying a primary cause. The leading cause of death was disease progression in 9 patients. For 5 patients, the cause of death was not known. Four deaths (0.8% of the overall population) were considered by the investigator to be related to rituximab: 1 patient died of pneumonia; 1 patient died due to respiratory diseases; for 1 patient, pain and herpes zoster infection were documented as causes of death; and 1 case was not further specified.
| DISCUSSION
This noninterventional study mirrored routine clinical practice of FL care during 2009-2014 in Germany. The 310 patients in first-line therapy and 173 patients with relapsed/ refractory FL were approximately 10 years older than patient populations in large randomized controlled trials (median ages of 63 and 65 years, respectively, compared with 57 years in the PRIMA trial 12 and 54 years in the EORTC 20981 trial 16 ). In addition, our study included more patients with Ann-Arbor stage I/II (21.6% and 28.3%, respectively, vs 10% 12 and 0% 16 in the aforementioned trials). Regarding the administration patterns of maintenance therapy, single infusions of 375 mg/m 2 rituximab every 2 months in first-line patients and every 3 months in relapsed/refractory patients were confirmed as widely established dosing schedules. The observed 2-year PFS rates of 88.3% in first-line patients and 76.0% in relapsed/refractory patients were comparable or possibly slightly better than the rates observed in randomized controlled trials, 11, 12, 16 despite the differences in patient populations regarding age and disease stage. Our results are also consistent with real-world data from the noninterventional US National LymphoCare Study (NLCS), 19 and thus indicate the clinical benefit of 2 years of rituximab maintenance therapy following rituximab-containing induction.
In addition, PR to CR conversion rates of 53.4% in firstline patients and 42.9% in relapsed/refractory patients demonstrated that postinduction rituximab may not only maintain, but also improve the quality of remission. However, one must take into account that only patients that roughly match the per protocol population were included in this analysis. In the PRIMA trial, 52% of the patients with PR at randomization converted to CR with rituximab maintenance therapy while only 30% converted in the observation group. 12 Although no OS benefit could be demonstrated after 6 years of observation, 15 higher CR rates in first-line therapy have been suggested to translate into prolonged survival in the long term. 20 Our study revealed unexpected patterns of treatment in patients with FL grade 3B and stage I/II disease. In contrast to the sustained PFS prolongation shown for patients with FL grades 1-3A, 12 no clinical benefit from maintenance could be observed in patients with aggressive B-cell lymphomas including FL grade 3B. 21 Therefore, the PRIMA trial excluded patients with FL grade 3B. 12 However, the current study included 20 patients with FL grade 3B. In addition, about one quarter of the patients recruited in the current trial had stage I or II disease which may be cured by radiotherapy. By contrast, these patients received chemoimmunotherapy followed by rituximab maintenance, a strategy recommended for advancedstage FL. Similar observations were made in the NLCS study where 20% of the 541 patients receiving rituximab maintenance were in Ann-Arbor stage I/II. 19 In parallel, the use of radiotherapy was remarkably reduced in the current vs the previous first-line induction therapy. A shift from radiotherapy to early chemotherapy appears to be a global trend. 22, 23 Regarding chemoimmunotherapy regimens, R-bendamustine replaced R-CHOP as the most frequently administered first-line protocol. All first-line patients in the current trial were treated between 2009 and 2014, and the vast majority of patients treated for first relapse had received their first-line therapy before 2009. Our results are therefore consistent with the NLCS, which recruited patients from 2004 to 2007: US physicians preferred R-CHOP (55%), followed by R-CVP (23%), and R-fludarabinebased regimens (16%) as first-line chemoimmunotherapy. 23 Similar to our findings, females less commonly received anthracyclines. 24 However, these comparisons were not corrected for covariates. Based on the uncontrolled, noninterventional character, the study had a number of limitations. Particularly, there may have been significant selection bias regarding the choice of regimen for high-risk vs low-risk patients; for example, patients with a higher FL burden/more advanced disease may have been more likely to receive R-CHOP than R-bendamustine, and patients with an especially good prognosis may have been preferentially given rituximab monotherapy. Thus, only exploratory assumptions on clinical outcome in regard to FL grade, stage, or treatment patterns can be drawn from our PFS and response analyses. Our safety results were generally consistent with the known safety profile of rituximab, with similar AE/ADR frequencies observed in first-line and relapsed/refractory patients-although AE incidence are limited due to a switch in documentation. No unexpected safety signals were reported. Interestingly, toxicity was increased with R-bendamustine vs R-CHOP, followed by rituximab maintenance (AE rates 33.9% vs 20.0%). This is in line with first results of the GALLIUM trial in which SAEs were more frequently observed in patients receiving bendamustine than in patients receiving CHOP in conjunction with rituximab or the novel anti-CD20 antibody obinutuzumab. 25 In conclusion, our data show favorable 2-year PFS rates in both treatment-naïve and relapsed/refractory patients with FL under rituximab maintenance following rituximab-containing induction in clinical routine. Effectiveness and safety results were in line with data from randomized controlled trials, and tumor conversion rates indicated both maintenance and consolidation of tumor remission.
